Nocardia callitridis sp. nov., an endophytic actinobacterium isolated from a surface-sterilized root of an Australian native pine tree Nocardia, the type genus of the family Nocardiaceae, contains aerobic, non-motile, Gram-positive, weakly acidalcohol-fast actinobacteria that form extensively branched mycelium that fragments into bacillus-or coccoid-like elements (Goodfellow & Lechevalier, 1989; Goodfellow & Maldonado, 2006) . Chemotaxonomic characteristics include the presence of meso-diaminopimelic acid (meso-A 2 pm), mycolic acid and arabinose and galactose in the cell wall (type IV). Also, Nocardia strains typically contain MK-8(H 4vcycl. ) as the major menaquinone, phospholipid type PII (phosphatidylethanolamine), and straight-chain and unsaturated fatty acids and tuberculostearic acid as the predominant fatty acids. Muramic acid is present in the N-glycolated form, rather than the N-acetylated form that is found in many other actinobacterial taxa. The members of this genus have DNA G+C contents in the range of 64-72 mol% (Goodfellow & Lechevalier, 1989) . Currently, the genus contains at least 73 species with validly published names (Euzéby, 1997).
endophytic actinobacterium to be identified as belonging to the genus Nocardia, for which the name Nocardia callitridis sp. nov. is proposed. The type strain is strain CAP 290 T (5DSM 45353
Nocardia, the type genus of the family Nocardiaceae, contains aerobic, non-motile, Gram-positive, weakly acidalcohol-fast actinobacteria that form extensively branched mycelium that fragments into bacillus-or coccoid-like elements (Goodfellow & Lechevalier, 1989; Goodfellow & Maldonado, 2006) . Chemotaxonomic characteristics include the presence of meso-diaminopimelic acid (meso-A 2 pm), mycolic acid and arabinose and galactose in the cell wall (type IV). Also, Nocardia strains typically contain MK-8(H 4vcycl. ) as the major menaquinone, phospholipid type PII (phosphatidylethanolamine), and straight-chain and unsaturated fatty acids and tuberculostearic acid as the predominant fatty acids. Muramic acid is present in the N-glycolated form, rather than the N-acetylated form that is found in many other actinobacterial taxa. The members of this genus have DNA G+C contents in the range of 64-72 mol% (Goodfellow & Lechevalier, 1989) . Currently, the genus contains at least 73 species with validly published names (Euzéby, 1997) .
During the course of our research on molecular-and culture-based methods to identify endophytic actinobacteria (Coombs & Franco, 2003; Conn & Franco, 2004) , we studied populations of actinobacteria from native Australian plants and identified several novel strains, including a Nocardialike strain, CAP 290 T .
Strain CAP 290 T was isolated from internal tissues of a surface-sterilized root sample of an Australian native pine tree (Callitris preissii), collected from the grounds of Flinders University, Adelaide, South Australia, and processed within 4 h of collection. Isolation of the strain was performed as follows: the bark of the root was peeled away and the root was surface sterilized by dipping it sequentially in 70 % ethanol and 6 % hypochlorite, each for 5 min, and in sterile 10 % NaHCO 3 for 10 min. The internal plant tissues were crushed with a sterile mortar and pestle and plated onto ten isolation media. All media were adjusted to pH 7.2 and were supplemented with (ml
21
) 20 mg nalidixic acid and 100 U nystatin, to suppress the growth of bacteria and fungi, respectively. Plates were incubated in sealed plastic boxes at 27 u C for 8 weeks with moist paper towels to maintain moisture. Strain CAP 290 T was isolated from VL70 medium with a mixture of amino acids as the growth substrate (Hudson et al., 1989; Schoenborn et al., 2004) . This strain was isolated, purified and maintained on half-strength potato dextrose agar (HPDA).
Extraction of genomic DNA and PCR amplification and sequencing of the 16S rRNA gene from strain CAP 290 T were performed as described previously by Coombs & Abbreviation: meso-A 2 pm, meso-diaminopimelic acid.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain CAP 290 T is FJ805428.
Franco (2003) . The nearly full-length 16S rRNA gene sequence (1431 bp) was aligned manually in the GenBank database with BLAST (Altschul et al., 1997) , which showed that strain CAP 290 T was closely related to members of the genus Nocardia. Multiple alignment of 16S rRNA gene sequences from CAP 290 T and representatives of Nocardia in the GenBank database was performed with the CLUSTAL_X program (Thompson et al., 1997) . Phylogenetic trees were constructed by using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Kluge & Farris, 1969) tree-making methods in MEGA version 4 (Tamura et al., 2007) . Pairwise distances for the neighbour-joining algorithm were calculated according to Kimura's two-parameter model (Kimura, 1980) and close-neighbour interchange (search level52, random addition5100) was applied in the maximum-parsimony analysis. The topology of the tree was evaluated by a bootstrap analysis (Felsenstein, 1985) based on 1000 replications. Strain CAP 290
T was closely related to Nocardia terpenica IFM 0706 T (96.7 % 16S rRNA gene sequence similarity) and Nocardia nova JCM 6044 T (97.4 %) and similarities between strain CAP 290 T and the other Nocardia strains were below 97 %. In the phylogenetic trees ( Fig. 1 and Supplementary Fig. S1 , available in IJSEM Online), the affiliation between strain CAP 290 T and its closest neighbour, N. terpenica IFM 0706 T , was supported with bootstrap values of 63 and 60 % in the neighbourjoining and maximum-parsimony trees, respectively.
The DNA G+C content of strain CAP 290
T was determined by HPLC as described by Mesbah et al. (1989) . The G+C content of genomic DNA of this strain was 68.7 mol%, which is within the range reported for other Nocardia species (64-72 mol%) (Goodfellow & Lechevalier, 1989 ).
DNA-DNA relatedness studies were not carried out between strain CAP 290 T and its closest phylogenetic neighbours as the type strains of Nocardia species share high 16S rRNA gene sequence similarities but have levels of DNA-DNA relatedness well below the 70 % cut-off point recommended for the assignment of strains to the same genomic species (Wayne et al., 1987) . For example, N. nova JCM 6044
T has 98 % 16S rRNA gene sequence similarity but a very low DNA relatedness value of 12 % to Nocardia pseudobrasiliensis ATCC 51512 T (Ruimy et al., 1996) . In this study, strain CAP 290 T showed the highest 16S rRNA gene sequence similarity with N. nova JCM 6044 T (97.4 %) but the two strains were positioned in different clusters and the isolate's closest neighbour was N. terpenica IFM 0706
T . This indicated that strain CAP 290
T represents a novel genomic species.
For the chemotaxonomic analyses, strain CAP 290 T and the reference strain N. nova DSM 43843 were compared. For the analysis of whole-cell fatty acids, cells of both strains were grown for 10 days at 25 u C in TSB in shaking flasks (150 r.p.m.), harvested and washed by repeated centrifugation in sterile water. Wet cells (100 mg) were saponified and methylated and the fatty acid methyl esters were analysed using the Microbial Identification system (MIDI) (Sasser, 2001) . Extraction and purification of isoprenoid quinones were performed using the method of Collins et al. (1977) and samples were analysed by reversed-phase LC-MS employing UV detection and electrospray mass spectrometry using 2-propanol/methanol (1 : 1) at a flow rate of 1.0 ml min
. Whole-cell hydrolysates were analysed for diaminopimelic acid isomers using the method of Bousfield et al. (1985) and for sugars using the method of Hasegawa et al. (1983) . Mycolic acids were determined according to Minnikin et al. (1975 Minnikin et al. ( , 1980 and acyl cell-wall analysis was performed according to Uchida et al. (1999) . Whole-cell hydrolysates of strain CAP 290 T contained meso-A 2 pm and the whole-cell sugars were arabinose and galactose [cell-wall chemotype IV, sensu Lechevalier & Lechevalier (1970) ]. The cell wall was of the glycolyl type and contained mycolic acids that co-migrated with those from N. nova DSM 43843 (R F value~0.47). The major menaquinone was MK-8(H 4vcycl. ) and other menaquinone components could not be detected. The major fatty acid of strain CAP 290 T was C 16 : 0 (42.5 %). The fatty acid compositions of strain CAP 290 T and N. nova DSM 43843 are shown in Table 1 , which shows that the two strains had similar fatty acid profiles but in different proportions. The above data revealed that strain CAP 290 T belongs to the genus Nocardia, family Nocardiaceae (Stackebrandt et al., 1997) .
Morphological characteristics of the isolate and N. nova DSM 43843 were observed as described by Shirling & Gottlieb (1966) on eight different media (ISP 2, ISP 3, ISP 4, ISP 5, ISP 7, Bennett's agar, HPDA and nutrient agar; Atlas, 1993) . Cells of strain CAP 290 T grown on ISP 2 for 14 days were mounted on a carbon-adhesive tab, gold coated and viewed by SEM (Autoscan 1974; ETEC Systems). Strain CAP 290 T showed nocardial morphology, with well-developed substrate mycelium ( Supplementary Fig. S2 ), but aerial mycelium was formed moderately on some media. The strain's cultural characteristics on different media are listed in Table 2 . The mycelium fragmented to form straight spores (approx. 0.860.7 mm) with smooth surfaces on ISP 2 and a brownish orange pigment was produced on ISP 5.
The physiological characteristics of strain CAP 290 T and N. nova DSM 43843 were studied together. Carbohydrate utilization was examined as described by Shirling & Gottlieb (1966) . Growth at 15, 27, 37 and 45 u C, at pH 4.0-10.0 and with 2, 5, 10 and 15 % (w/v) NaCl was assessed after incubation for 7-21 days on ISP 2 medium at 27 u C, unless otherwise indicated (Kurup & Schmitt, 1973) . Decomposition of adenine, hypoxanthine, tyrosine, xanthine, aesculin and hippurate was evaluated according to Gordon et al. (1974) . Hydrolysis of casein, starch and gelatin, production of catalase and assimilation of organic acids were determined as described by Kurup & Schmitt (1973) . The physiological properties that differentiated strain CAP 290 T from N. nova DSM 43843 and N. terpenica DSM 44935
T are shown in Table 3 . N. terpenica DSM 44935
T could grow at 37 u C and decompose adenine, xanthine, hypoxanthine and tyrosine while strain CAP 290 T could not. There were other physiological and biochemical features that differentiated strain CAP 290 T from N. nova DSM 43843: temperature and NaCl ranges for growth and patterns of carbon utilization, acid assimilation, hydrolysis and decomposition. Acid-alcoholfastness was evaluated by the method of Ellis & Zabrowarny (1993) and strain CAP 290
T showed weak acid-alcohol-fastness after growth for 2 days.
This polyphasic study demonstrated that strain CAP 290 T could be readily distinguished from other members of Nocardia species and represents a novel species, for which the name Nocardia callitridis sp. nov. is proposed.
Description of Nocardia callitridis sp. nov.
Nocardia callitridis (cal.li.tri9dis. N.L. gen. n. callitridis of Callitris, the botanical name of a genus of pine, named after the source plant of the type strain, the Australian native pine Callitris preissii).
Aerobic, Gram-stain-positive, weakly acid-alcohol-fast and catalase-positive. Grows at 15-27 u C and pH 5.0-10.0 and grows weakly with 15 % NaCl. Colony colour varies from yellowish white to pale orange, depending on the culture medium. Substrate mycelium develops well and fragments into straight spores (approximately 0.860.7 mm) with smooth surfaces. Produces a brownish orange diffusible pigment on ISP 5 medium. Carbon source utilization, acid assimilation, hydrolysis and decomposition patterns are given in Table 3 . The cell-wall chemotype is type IV. The predominant menaquinone is MK-8(H 4vcycl. ). The major fatty acid is C 16 : 0 . The DNA G+C content of the type strain is 68.7 mol%.
The type strain, CAP 290 T (5DSM 45353 T 5ACM 5287 T ), is an endophytic actinobacterium isolated from the surface-sterilized root of a native pine tree (Callitris preissii) located on the Flinders University campus, Adelaide, South Australia. 
